Sloped Ceiling, Plywood Web Roof-Frame: 3/12 Roof Slope; 1.5/12 Ceiling Slope, 2' on Center, 21'-0" to 32'-8" Spans by Lendrum, James T. et al.
SLOPED CEILING, PLYWOOD WEB ROOF-FRAME 2 -0" ON CENTER, 21-0" TO 32 -8" SPANS 3/12 ROOF SLOPE; 1.5/12 CEILING SLOPE
21-0" TO 24 -8" SPANS — 2" x 4" Chords
CUTTING SCHEDULE
2 " x 4" TOP CHORD 
2" x 4"  BOTTOM CHORD 
INTERMEDIATE W EB-PLATE ON ONE SIDE 
LARGE HEEL W EB-PLATE ON FRONT 
SMALL HEEL W EB-PLATE ON BACK
DESIGN DATA
Spans of 2 1 '-0 "  to 2 4 '-8 "
Slope of 3 /1 2 -1 .5 /1 2
Recommended Design Load (pounds per
square foot of horizontal projection)  40 psf
Roof (dead load +  live load)  35 psf
Ceiling (dead load)  5 psf
PERFORM AN CE DATA O N  24'- 8" TEST
M axim um  a llo w ab le  deflection
(1/360 span)  0 .82"
Deflections at design load
quarter points 0 .12"
m id-span 0.25"
Test load at failure 125 psf
SPAN
2 1 ' 2 2 ' 23' 24'
0 " 4 " 8 " 0 " 4 " 8 " 0 " 4 " 8 " 0 " 4 " 8"
TOP CHORD 2" x 4"  
O VERH AN G  “ O ”
14'- 0"
01
37"
inCO 33" 31" 29" 27" 25" 46 V4" 4 4 ’A " 42 V4 " 40 y4" 38V4"
BOTTOM CHO RD* 2" x 4" 10'- 7"
O'■o 10'- 11" i r - 1 " 11'. 3" i r - 5 " I V -  7" 1 1 9 " 1 1 1 1 " 12'- 1" 12 '-3 " 1 2 '-5"
W EB-PLATE SPACING “ A ” 21 Vs" 22 Vs " 23 Vs" 24 Vs" 25 Vs" 26 Vs" 27 Vs" 2 8 Vs" 29 Vs" 30 Vs" 31 Vs" 32 Vs"
INTERMEDIATE W EB “ B” 1 5 % " 1 5 % " 16" 16 Vs" 1 6 1/ ." 1 6 % " 16 V2" 1 6 % " 1 6 % " 1 6 7/s" 17" 17 Vs"
PEAK W EB “ C ” 21 % " 21 7s" 22 V8" 2 2 % " 22 % " 2 2 7/s" 23 Vs " 2 3 % " 23 % " 23 7s" 24 Vs" 2 4 % "
HEIGHT (see jig layout) “ H”
“ h”
31 15/16" 32 7/16" 32 15/16" 33 7/16" 33 15/16" 34 7/16" 34  15/16" 35 7/16" 35 15/16" 36 7/16" 36 15/16" 37 7/16"
1 5 % " 16" I 6 V4" I 6 V2" 1 6 % " 17" 17 V4 " 17 V2 " 1 7 % " 18" I 8 V4" 18 V2"
WEB-PLATE PATTERN — ’A " Plywood
Dim ensions “B” and “C ” are given in the C utting Schedule. M ake sure the grain of the plywood runs parallel to the bottom  chord.
Two each required per frame.
"INTERMEDIATE
W EB -P LA T E"
24"
* Bottom chord dimension is for square-end cut. M ake bevel cots on this member as shown in Heel Joint Detail.
SMALL HEEL W EB-PLATE
\
7 V
f
9 "--------------- 1
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25 -0" TO 28 -8" SPANS — 2" x 4" Chords
CUTTING SCHEDULE
PEAK W EB-PLATES ---------------
2" x 4"  BOTTOM CHORD 
INTERMEDIATE W EB-PLATE ON ONE SIDE 
LARGE HEEL W EB-PLATE ON FRONT 
SMALL HEEL W EB-PLATE ON BACK-
DESIGN DATA
Spans of 2 5 '-0 "  to 2 8 '-8 "
Slope of 3 /1 2 -1 .5 /1 2
Recommended Design Load (pounds per 
square foot of horizontal projection) 40 psf 
Roof (dead load +  live load)  35 psf
Ceiling (dead load) 5 psf
PERFORM AN CE DATA O N  2 8 '-8 "  TEST
M axim um  allo w ab le  deflection
(1/360 span)  0 .96"
Deflections at design load
quarter points 0.52"
m id-span 0.52"
Test load at failure 176 psf
SPAN
25' 2 6 # 27' 28'
0 " 4" 8 " 0 " 4 " 8 " 0 " 4" 8" 0 " 4" 8"
TOP CHORD 2" x 4" 16'-0" 18'- 0"
O VERH AN G “ O ” 36 ’A" 34 y4" 32 y4" 30 y4" 28 y4" 26 v4" 24%" 46 V2" 44 V2 " 42 V2 " 40 Va" 3 8 V2"
BOTTOM CHORD* 2" x 4" 12'-7Vs" 12'- 9 Vs " 12'- 11 Vs " 1 3 '-1 y4" 1 3'- 3 y4" 13'-5% " 13'-7% " 13'- 9 Va " 13' - 1 1  y ." 1 4 '-1 y»" 1 4'- 3 Va " 14'- 5 Va "
W EB-PLATE SPACING “ A ” 22 % " 23 % " 24% " 25 % " 26% " 27% " 28 % " 29%" 30% " 31 % " 32 % " 3 3 % "
INTERMEDIATE WEB “ B” 17%" 17 V2 " 17%" 17%" 177s" 18" 18 Vs" 1 8 y»" 18%" 18 V i " 18 % " 18%"
PEAK WEB “ C” 24 V4" 24 V2" 24%" 25" 25 y4" 25 V2 " 25 % " 26" 26 V a " 26 y2" 26% " 27"
HEIGHT (see jig layout) “ H” 37 15/16" 38 7/16" 38 15/16" 39 7/16" 39 15/16" 40 7/16" 40 15/16" 41 7/16" 41 15/16" 42 7/16" 42 15/16" 43 7/16"
“ h” 18%" 19" 19V," 19V2" 19%" 20" 20 V4" 20 V2 " 2 0 % " 21" 21 V a " 21 V2"
WEB-PLATE PATTERN — ’A " Plywood
Dimensions “B” and “ C ” are given in the C utting Schedule. M ake sure the grain of the plywood runs parallel to the bottom  chord.
Two each required per fram e.
* Bottom chord dimension is for square-end cut. M ake bevel cuts on this member as shown in Heel Joint Detail.
INTERMEDIATE 
■" W EB-PLATE
3 0 "
[SMALL HEEL W EB-PLATE
143/4"
\ 1
7 1/4" 9 "4 -------^ --- - 1
—  12" —
29 -0" TO 32'- 8" SPANS — 2 "x 6" Chords
CUTTING SCHEDULE
DESIGN DATA
Spans of 29'- 0"  to 32'- 8"
Slope of 3 /1 2 -1 .5 /1 2
Recommended Design Load (pounds per
square foot of horizontal projection) 40 psf
Roof (dead load +  live load)  35 psf
Ceiling (dead load) 5 psf
PERFORM AN CE DATA O N  32'-8"  TEST
M axim um  allo w ab le  deflection
(1/360 span)  1.09"
Deflections at design load
quarter points 0 .56"
m id-span 0 .64"
Test load at failure 120 psf
SPAN
29' 6CO 3 r 32'
0 " 4" 8 " 0 " 4" 8 " 0 " 4" 8 " 0 " 4“ 8 "
TOP CHORD 2" x 6" CO 1 0 20'- 0"
O VERHAN G “ O ” 36 y2" 34 y2 " 32 V2" 30 V2" 28 y2" 26 y2" 2 4 ’A" 46" 44" 42" 40" 38"
BOTTOM CHO RD* 2" x 6" 1 4 '-7 %  " 14'- 9 % " 14'- 11 % " 15'- 1 % " 15'- 3 % " 15'- 5 % " 1 5 '-7 %  " 1 5 '-9 % " 15'- 11 % " 16'- 1 % " 16'- 3 % " 16'- 5 % "
W EB-PLATE SPACING “ A ” 3 4 % " 35 % " 3 6 % " 3 7 % " 3 8 % " 3 9 % " 4 0 % " 41 % " 4 2 % " 43 % " 4 4 % " 4 5 % "
INTERMEDIATE W EB “ B” 2 2 ’A " 22 % " 2 2 % " 22 7 s" 23" 23 Vs " 23 Va " 23 % " 23 V2" 2 3 % " 2 3 % " 23 7s"
PEAK WEB “ C ” 31" 31 % " 31 V i" 31 % " 32" 32V4" 3 2 % " 32 7s" 33 Vs" 3 3 % " 3 3 % " 33 7s"
HEIGHT (see jig layout) “ H” 43 15/16" 44 7/16" 44 15/16" 45 7/16" 45 15/16" 46 7/16" 46 15/16" 47 7/16" 47 15/16" 48 7/16" 48 15/16" 49 7/16"
“ h ” 2 1 % " 22" 22 Va " 22 Vi " 2 2 % " 23" 23 Va" 23 V2 " 2 3 % " 24" 2 4 % " 24 V2 "
WEB-PLATE PATTERN —  V i"  Plywood
Dim ensions “B” and “C ” are given in the C utting Schedule. M ake sure the grain of the plywood runs parallel to the bottom  chord.
Two each required per fram e.
* Bottom chord dimension is for square-end cut. M ake bevel cuts on this member as show n in Heel Jo int Detail.
STRUCTURAL DESIGN DATA
•  T he graphical methods of analysis (funicular polygon) generally used for trusses designed w ith pin- connected joints should not be used for analyzing trusses w ith nail-glued plywood gussets because the results will be inaccurate. Funicular polygons show only tension or compression stresses in a structure, and in no way indicate the combined stresses due to secondary bending. Analytical m ethods of structural analysis are also unreliable. T he plywood web-plates used in this roof-fram e form  rigid connections between the chord members. Stresses are transferred through the web-plates into a long length of the chord members. T he stress distribution in the plywood web-fram e is considerably different from  tha t in a scissor truss with pin connections.
T he heel web-plate resists stresses of shear from the reaction, compression from the top chord, and tension from the lower chord. These stresses are combined and distributed through the web-plate. T he interm ediate web-plate stresses are essentially compression, and the peak web stresses are tension, but all webs have shear­ing stresses at the edge of each chord connection.
T he perform ance characteristics of the sloped ceiling, plywood web roof-fram e under load are deflection in each lower chord, an over-all deflection, and a spread between the heels. Perform ance tests determ ined the proper web-plate sizes to elim inate excessive deflections and spread. T he design of the sloped ceiling, plywood web roof-fram e is based on test results 1) from full-size trusses tested individually in a hydraulic testing machine, and 2) on pairs of trusses set up 24" on center, sheathed, bridged for lateral support, and loaded with concrete block for live load on the roof surface and bottom  chord. T hree types of tests were m ade to determ ine the perform ance of a design: load-and-recovery, long-duration load, and load-to-destruction tests.
In  the load-and-recovery test (a perform ance test to observe the behavior of a truss under loads tha t exceed design loads), a load of 100 lbs. per sq. ft., equaling two and one-half times the predicted design load, was applied to the truss. Deflection readings were taken as the load was applied in increments of 20 lbs. per sq. ft. Residual deflection was m easured after the entire load was removed. This test determ ined the m axim um  load the truss can carry for acceptable perform ance, based on the allowable deflection of 1/360 of the span. T he deflection and spread of the web frames tested were only a fraction of the deflection and spread found in tests of conventional rafters and ceiling joists. T he long-duration test was an accelerated tim e test lasting 120 days w ith a design load applied to the truss. T he test exposes any deform ation or creep tha t m ight occur due to the heavy loads imposed for a long period. Stiffness is a general characteristic of nail-glued trusses, and they show very little creep under long-duration tests.
T he destruction tests determ ined the m axim um  load capacity of the roof-fram e, behavior when greatly over­stressed, and the critical points of the design. T he sloped ceiling, plywood web roof fram e will carry from 2 to 4 times the predicted design load before failure. In  every case observed, failure occurred in either the top or bottom  chords. Failure never occurred in plywood webs or in the glue bond.
MATERIALS AND NAIL-GLUING FABRICATION
•  Each structural m em ber should have a m oisture content of 19% or less.
•  S tructural lum ber for the 2 x 4  chords must be a t least No. 2 K. D. southern yellow pine (1500 psi., stress grade) or reselected construction grade Douglas fir or western hemlock. (See reselection procedure given in  Sm all Homes Council Instruction Sheet # 1 2 , Reselection of L um ber for R oo f Trusses.) T he lum ber reselected by this process is equivalent to 1500 psi., stress grade, throughout its entire length. 2 x 6  m aterial m ust be a t least No. 2 K. D. southern yellow pine, or “construction grade” Douglas fir or western hemlock.
•  Use unsanded grade plywood, Vi" thick. T he plywood m ust m eet Com m ercial S tandards CS45-55 as certi­fied by an approved testing laboratory.
•  T he surface grain of the plywood should run para llel to the bottom  chord for all plates.
•  Use 4-d nails or 114" staples spaced as shown in “H eel Jo in t D etail” for 2/ / x 4 '/ members. Use three rows on 2" x 6" members. Fasteners should be %-inch from  edges of the plywood.
•  T he casein glue m ust m eet Federal Specification M M M -A-125, Type I or II. (Type I I  contains a m old in ­hibitor.) M ix the glue according to the m anufacturer’s instructions. Protect the trusses from rain. After nailing, stack the trusses and do not handle them  during the curing period.
•  Fabricate and cure the trusses above 50° F. W hen the tem perature is between 50° F. and 70° F., a 16- hour curing period is necessary; when the tem perature is 70° F. or above, an 8-hour curing period is needed.
SLOPED CEILING, PLYWOOD WEB ROOF-FRAME
3/12 Roof Slope; 1.5/12 Ceiling Slope W M S S i 
2' on Center, 21'-0" to 32'-8" Spans |il||g B |ii
INSTRUCTION SHEET # 8
HEEL JOINT DETAIL — NAIL SPACING FOR 2 x 4 Chords
(ADD CENTER ROW  FOR 2" x 6" CHORDS)
JIG LAYOUT
REFERENCE POINT is on top edge of bottom chord 
at the vertical cut. Place top chord 7 / 1 6 "  above
CENTER LINE
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Jam es T. Lendrum, Registered Architect 
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M aterials and nail-gluing fabrication instructions revised in 195  9 by Rudard A . Jones, registered 
architect, and Donald H. Percival, wood technologist, University of Illinois Small Homes Council -  
Building Research Council
This publication results from a study conducted jointly by the University of Illinois and  
Purdue University
Co pyrig h t, 1959, by the U N IV ERSITY  O F ILL IN O IS . A ll rights reserved . No part of this m aterial may be reproduced 
in any form w ithout perm ission in w riting  from the pub lishers.
Endorsem ent by the U N IV ERSITY  O F ILL IN O IS  SM ALL HOM ES C O U N C IL -  BU ILD IN G  RESEARCH C O U N C IL of any 
m anufactured product shall not be cla im ed on the basis of these p lans or related inform ation thereon. 
Responsib ility for roof fram es built from these p lans shall rest with the user of the p lans and in nowise on the 
U n iversity  of Illin o is . W hen va ria tio ns from these p lans a re  incorporated by the user, the roof fram es so built shall 
not be represented as having been built from a design developed at Purdue U niversity or the U n iversity  of Illin o is .
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